Eruca sativa and Brassica juncea belong to the Brassicaceae family and have been used traditionally for the treatment of cancer and various cardiovascular ailments. A rapid and simple ultra performance liquid chromatography (UPLC) method has been developed for the simultaneous quantification of erucin, allyl isothiocyanate and benzyl isothiocyanate in E. sativa and B. juncea oil. Eruca sativa oil contains erucin (28.93%), allyl isothiocyanate (0.06%) and benzyl isothiocyanate (0.70%). Identification of other secondary metabolites in E. sativa and B. juncea oil and aqueous methanolic extracts were also carried out using ultra performance liquid chromatography-electro spray ionization-quadrupole time of flight (UPLC-ESI-QTOF). The UPLC-ESI-QTOF based study leads to the identification of ten compounds in B. juncea oil and three compounds in E. sativa oil. The UPLC-ESI-QTOF analysis of aqueous methanolic extracts of E. sativa and B. juncea leads to the identification of eight and nine compounds, respectively.
Although quantification of the E. sativa oil with GC-MS [17] had already been reported, the method is only applicable for volatile compounds. Ultra performance liquid chromatography diode array detection (UPLC-DAD) is a powerful technique with high sensitivity and efficiency. Other advantages of UPLC-MS-MS include its applicability for high molecular weight non-volatile compounds without derivatization and required less time. In current study identification of secondary metabolites from E. sativa and B. juncea oil and extract was carried out using UPLC-ESI-QTOF. A robust and efficient UPLC-DAD method was also developed for the first time for the simultaneous quantification of three isothiocynates in E. sativa oil.
Erucin (ER), a promising cancer chemo preventive phytochemical, is an isothiocyanate present in cruciferous vegetables, such as rocket salads (E. sativa) [18] . In our earlier study, erucin was successfully isolated from the crude oil of E. sativa with purity ≥99% in GC-FID. In addition, seven other compounds were also analyzed using GC-MS [17] . Although, GC-MS is useful for identification of volatile compounds having low molecular weight, in current study compounds including volatile and non-volatile were identified. LC-MS can evaluate a much wider range of chemical species than GC-MS. So in present study UPLC-DAD and UPLC-QTOF-ESI-MS-MS methods were developed for the quantification and identification of various compounds in B. juncea and E. sativa oil and extracts.
Optimization of chromatographic conditions: For optimization, mobile phase such as 0.1% HCOOH in water (A), 0.1% HCOOH in methanol (B) and pure acetonitrile (ACN) (C) at different column temperatures 30, 35 and 40 °C were examined. Mobile phase A and B at column temperature 30 °C provided best separation of three standards, allyl isothiocyanate (1) (t R = 4.39 min), erucin (2) (t R = 5.85 min) and benzyl isothiocyanate (3) (t R = 6.15 min). The chromatograms of the standards and samples are shown in Figure 1 . Further, identification was carried out by comparing retention times and UV λ max with reference standards. (Table 1) of the calibration curves generated by injecting standard solutions at eight concentration levels in the range of 0.019-2.5 μL mL -1 for standard 1, 0.31-10 μL mL -1 for standard 2 and 0.039-5 μL mL -1 for standard 3 ( Table 1 ). The limit of detections (LODs) for standards 1, 2 and 3 were 0.0012, 0.0012 and 0.0061 μL mL -1 whereas limit of quantifications (LOQs) for these compounds were found to be 0.0037, 0.0037 and 0.0183 μL mL -1 at injection volume 1µL, respectively (Table 1) . Intra and inter-day precisions [expressed as % relative standard deviation (RSD)] were observed in the range of 0.38-0.90% and 0.41-0.72%, respectively (Table 1) . Samples were spiked with; 1.2, 3.0 and 4.0 nL of compound 1; 300, 450 and 750 nL of 2 and 8, 12 and 20 nL of 3, to evaluate the accuracy of the developed analytical method. The percentage was found in the range from 97.5 to 107.5% with % RSD in the range 3.48-4.87% for the detected compounds ( Table 2) .
Quantification: From quantification results, erucin was observed as the major constituent (28.93%) in E. sativa oil whereas allyl isothiocyanate (0.06%) and benzyl isothiocyanate (0.70%) were found in lower concentration. It should be noted that the concentration is with respect to the extracted oil. These compounds could not be quantified in B. juncea oil. e) RSD (%) = (SD/mean) ×100.f) Recovery (%) = (detected amount−original amount)/spiked amount×100 
UPLC-DAD-ESI-MS-MS analysis:

Characterization of the compounds:
Although UPLC-MS-MS based qualitative study to identify various secondary metabolites in Brassicaceae family has been reported earlier, none of these studies were carried out on oil. So our aim was to identify compounds in the E. sativa and B. juncea oil using LC-MS. Further, aqueous methanolic extracts of both these species were also qualitatively analyzed with LC-MS. Numbers of compounds were identified through UPLC-QTOF-ESI-MS-MS experiments on the basis of molecular formula as well as the MS-MS fragment ions reported in the literature. Tables 3-6 and figure 2 and 4 summarize all the identified compounds in E. sativa and B. juncea oil as well as methanolic extract, including their retention times (t R ), detected accurate mass (ionization modes either positive or negative) of each compounds and MS-MS fragments.
B. juncea and E. sativa oil: Total ten compounds were identified in B. juncea oil by UPLC-MS-MS ( Figure 1A , 3A). 3-Butenyl isothiocynate was assigned to peak 1 based on the MS (molecular ion at m/z 113) and MS/MS data, which provided fragment ions at (m/z 85, 72, 59, 55) [19] (Table 3) . Phenethyl isothiocyanate was assigned to peak 2 based on the molecular ion peak at m/z 163 and MS-MS data, which provided fragment ions at m/z 105, 77. Here the first fragment ion corresponds to the loss of benzene group from the precursor ion [19] . Malic acid hexoside (m/z 133,115), glycoside of malic acid was confirmed by comparison of mass fragments with literature [20] . Peak 5 was identified as 1-O-feruloyl-glucose (m/z 217,175) by comparison with reported data [12] . Peak number 6 and 7 were identified as dihydroxypalmitic acid and mono-methyl citrate with mass fragments at m/z 133 and m/z 159,143, 111, respectively [20, 12] . Peak no 8 was characterized as coumaric acid based on the fragment at m/z 119 corresponding to the loss of (CHO 2 . ) carboxylic group from the precursor ion [20] . Other organic acids, such as sinapic acid (Peak 4 Three isothiocyanate were detected in E. sativa oil; camelinin (peak 1), erucin (peak 2) and erysolin (peak 3) with the respective m/z at 261, 161 and 193 eluted at a retention time of 2.81, 5.88 and 9.11 min ( Figures 1B, and 3B ). The identification was based on the observed fragmentation pattern, camelinin (m/z 81, 55), erucin (m/z 85, 61) and erysolin (m/z 114, 72, 55) reported in the literature [21, 10] (Table 4) . Table  5 ). The peak number 2 with (M-H) -at m/z 386 was characterized as sinapoyl hexose (Table 5 ). The fragment spectra showed ions at m/z 207,175,113. First fragment could be assigned to the sequential loss of (C 6 H 11 O 6 ) group. Peaks 7 and 9 were identified dihydroxyferuloyl gentiobiose with fragment (m/z 209) and feruloyl-sinapoyl glucose with mass fragment ion at (m/z 355, 351, 223, 179) [22, 10] (Table 6) Total eight compounds were identified in E. sativa extract by UPLC-MS/MS ( Figure 2B , and 4B). Glucoerucin was the only isothiocyanate detected in E. sativa extract (peak 3) with the respective m/z at 421 eluted at a retention time of 3.85 min ( Table  6 ). The identification was based on the observed fragmentation pattern at m/z 339, 274, 241 and 194 [5, 26] . Caffeoyl glucose . ) group [27] . For peak number 6 with [M+H] + at m/z 625 fragment ions were observed at m/z 479 where first fragment could be assigned to the sequential loss of (C 12 H 21 O 9 . ) group [27] . Sample preparation: Hydro distillation of 3.5 kg crushed seeds of E. sativa and B. juncea was carried out using Clevenger apparatus with distilled water. The oil trapped in the inner tube was collected in DCM and fractionated thrice with water. Oil was collected, extracted with DCM: H 2 O and organic layer was dried over anhydrous sodium sulfate. Oil was collected in 0.36 % yield (weight percent of the seeds). The crude oil extract was then analyzed by UPLC-DAD method for the quantification of benzyl isothiocyanate (1), erucin (2) and allyl isothiocynate (3). Crude oil extract was also subjected to UPLC-ESI-QTOF analysis for the identification of other compounds.
Method for E. Sativa and B. juncea seeds extract preparation: The seeds of E. Sativa and B. juncea (100 g) were crushed separately and extracted with 80% methanol in water for three times and concentrated on rotary evaporator and stored at −20°C until used for extraction. 2 mg of B. juncea and E. sativa extracts were used for qualitative analysis by UPLC-ESI-QTOF method.
Preparation of standard solutions: Stock solutions of erucin, allyl isothiocyanate and benzyl isothiocyanate with concentration 20 μLmL -1 were prepared in pure acetonitrile (ACN). Serial dilution of the standard stock solution was done to obtain solution with concentration of 10, 20, 30, 40, 50 and 60 μL mL -1 for the calibration curve. Then, 1 μL of each solution was injected into the UPLC system. Validation of the method: Selectivity, LOQ, LOD, linearity, precision and recovery parameters were used for the validation of developed UPLC-DAD method. The calibration curves were obtained by plotting the nominal standard concentration (x) versus the peak area (y) of the analytes. The selectivity of peaks of compounds in sample was identified by comparing their retention time, UV λ max with those of the standards. The LOD and LOQ for each standard were determined by dilution method. Intra-day and inter-day precisions were used to study reproducibility of the developed method. For intra-day variability test, samples were analyzed for six times per day, whereas for inter-day, samples were analyzed for consecutive 3 days. Recovery was investigated to check accuracy of the method. Standard mixture of these three standards were prepare by mixing 1 mL of each standard.
UPLC conditions for extract material:
The UPLC method was developed and both positive and negative ionization modes were used. Mobile phase consisted of 0.1% HCOOH in water (A) and pure acetonitrile (ACN) (C), with a linear gradient programmed as: 0.0-1.0 min, 90-10%; 1.0-7.0 min, 90-10%; 7.0-9.0 min, 60-40%; 9.0-10.0 min, 30-70%; 10.0-11.5 min,10-90%; 11.5-12.5 min, 10-90%; 12.5-15.0 min, again 90-10% of C. Samples were filtrated with 0.22 µ PTFE filter prior to use. All the solvents used were of LC/MS grade. The injection volume was 1 μL. The characterization of constituent present was carried out on the basis of mass fragmentation pattern reported in the literature.
ESI-MS-MS conditions:
Mass analysis were carried out on triplequadrupled mass spectrometer equipped with an electrospray ionization (ESI) source (Micromass, Manchester, UK) and software Mass lynx v 4.1. For UPLC analysis, data acquisition was performed using the negative ion mode over a mass range of 100-1000 m/z. The parameters of the mass spectrometer under the ESI mode were as follows: capillary voltage 2850 V, cone voltage 30V, extraction cone voltage is 3V and source block temperature 80°C, cone gas 50 L/h, de-solvation temperature 220°C, de-solvation gas of flow rate is 400 L/h, argon collision gas pressure 3.2 × 10 -3 mbar and ion energy 23.0 eV.
